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BOVEMENT  OF  A WING  WITH  A SOLID  PROFILE  NEAR  A SCREEN 


V.  N.  Kravets 


We  will  consider  the  plane  prohleir  of  the  novement  of  a wing 
with  a solid  profile  in  the  potential  flow  cf  a perfect 
incompressible  fiuitl  at  a distance  h from  a solid  wall  or  free 
surface  (a  solid  or  liquid  screen).  We  will  assume  that  the  wing  only 
perturbs  the  flow  slightly.  This  assumption  leads  us  to  the 
linearized  theory  [l-l").  In  order  for  the  theory  of  snail 
perturbations  to  be  valid,  the  values  of  the  velocity  and  pressure 
conponents  must  not  differ  greatly  from  their  corresponding  values  in 
an  unperturbed  flow.  This  is  only  possible  when 

*“4-<**  0) 
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where  6 is  the  thickness  and  b is  the  half  chord  of  the  wing  profile. 

We  will  use  the  acceleration  potential  method  [4]  to  determine 
the  effect  of  the  screen  on  the  lift  of  a wing  profile  whose 
thickness  satisfies  condition  (1). 

The  acceleration  potential  method  has  the  same  generality  as  the 
velocity  potential  method  at  small  perturbations.  But  the 
acceleration  potential  method  has  the  advantage  over  the  velocity 
potential  method  of  making  it  possible  to  construct  the  basic 
solution  to  the  problem  without  classifying  the  flow  first. 

The  linear  approximation  ot  the  relationship  between  ♦'he 
velocity  potential  * and  the  acceleration  potential  9 for  stationary 
movement  is  determined  by  the  relationship 

® =■  — (2) 

where  Vq  is  the  velocity  ot  the  unperturbed  flew.  According  to  (1)  t 
the  boundary  condition  on  the  wing  surface  (n,,  *)  can  be 

written  as 

- V/  (X).  (3) 

Therefore,  according  to  (2) 
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e,  = - V,  = -v,  «p^),  = vlr  (X), 

vhere  if  t (x)  is  thp  wing  profile  equation. 

The  problem  of  determining  the  acceleration  potential  can  be 
reduced  to  solving  the  following  boundary  problem;  find  the  function 
of  0(x,  y)  which  is  the  solution  to  the  Laplace  equation  over  the 
entire  plane  of  flow  H,  with  the  exception  cf  segment  S,‘  from  -b  to 
♦b,  which  replaces  the  wing  profile  (Fig-  1): 

Ae  = o (geo), 

and  which  satisfies  these  boundary  conditions: 

^+»  = Vl!Ux)  = F,(jO  • (x£S^), 
e_.  = VlfUx)  = F,  (x>  (xG  Sp_). 

^g=‘0{x£L)  - solid  wall, 

0»  = 0 ,(xGL)  - free  surface 

e--e^=.  101  = 0 at  x^-fb. 

O."*’ 0 at  x-»+'oo. 


DOC  =*  0038 


PAGE 


where  y = fi(x)»  y = f2(x)  are  the  equations  fci  the  lower  and  upper 
surfaces  of  the  winq  profile,  respectively. 

We  will  construct  the  simple  formula  fcr  the  solution  to  this 
boundary  problem  by  introducing  integral  operatcrs  Aj  and  Ap  of  the 
type  cf  potential  of  a binary  and  simple  layer,  respectively, 
assigned  in  space  C*  (s)  with  values  in  C”  (d)  (aetric  space 
C"  (£1)  contains  functions  which  are  continuous  up  to  them-th 
derivative  in  the  O-region  of  Euclidian  space  occupied  by  the 
fluid).  After  assigning  the  structure  cf  the  operators,  we  will 
construct  the  actual  scluticn  to  the  probleu. 

We  will  find  the  solution  to  the  boundary  problem  in  the  form 

® =f  -^lYi  + ^*T»-  (<) 

The  properties  of  operators  A|  and  Ap  are  determined  by  the 
above  boundary  problem 


=0  (p££J), 
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^<+7i  = + \y,  (^6  Sp+). 

= — r If*  + ^iVi  6 Sp-). 

^•h-Ti  = = •^ipYi  (ff  G Sp);  (5) 

A/4jY,  = 0 (pG^). 

^J+Y»  = ^3-Y»  = ^»Yi  (gG  S,), 

^iH-Y*  = 1-  Y*  + ^jpYt  (g  G Sp+), 

■^*i^Yi  = Yt  + ^2»Y,  (g  G Sp-), 


where  p and  g are  points  of  Euclidian  space  P2.  Rased  on  (4)  and 
properties  (5),  we  will  have 

®+»  = ^i^Y,--f  y,  + >42^T,. 

®-»  = ^ii,Yj  + -^  Yt  + ^2i,Yt. 

whence  we  will  find 


Yt  = (x)  - (X)  = If  (x)l. 

Kyi  = -Y  + ®+i/)  — ^?vYt  = -y- 1^1  W + WJ  — Kyi  = 

= ^cp  (X)  — Ai^y^. 


we  will  represent  operators  A,  and  h2  ir>  the  form 


-\-o 

^lYi  = ^ ( Yi  (D-^  G (X.  y,  I.  rO 

-* 

■ ■ +^ 

^»Yj  = 4r  J y*  O g (X.  i,.  E,  n)  di. 


, (8) 


Here  we  will  represent  Green's  tur.cticn  G (x.  y,  t)),  which  satisfies 
the  conditions  on  a solid  wall  (free  surface)  and  on  to  infinity  as 
follows: 


G(x,  y,  f,  n)  = ln-|- + slgn/‘ln-^,\  . (10 

where  x =.^(^-0*+ (j-,0*.  ^ - 5)*  + (if  + n + 2/ij*. 


sign  F = 


- solid  wall. 
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Ti  = is  the  relative  distance  from  the  screen, 

*o 

ot  is  a offidil  anylc  of  attacK, 

f'(x)’^~lfi(x)  + fl(x)i  Integral  equation  (11)  is  singular  with  a 

rco-t  which  contains  a regular  part.  The  presence  of  the  regular 
part  greatly  complicates  the  process  of  finding  a closed  solution  to 
the  equation.  Therefore,  we  will  find  the  approximate  solution  to 
eguation  (11)  using  the  snail  parameter 
T-  K^A*+1-2S(0<t<1)|4J. 

Vie  will  find  tne  solution  to  integral  equation  (11)  Ti  W in 


the  form 
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Y,U)  = 9I'  (x)  + T?’(i).  OZ) 

where  75"  (x)  and  V*' correspond  to  the  solution  of  inte'iral 
equation  (11)  at  /' (x)  = 0 and  If  (x)l,  = 0. 


vl"  (X)  the  solution  will  te 


yi"  (x)  = y Yin  (i)  T*-. 


We  will  represent  the  expansion  of  function  C (x  — s)  as  [4]; 


C (x  — s) 


n 


(x  — , (14) 


Substitutinq  (13)  and  (14)  in  (11)  and  equating  the  terns  with 

identical  exponent^?  f '5n  the  left  and  right,  we  will  obtain  the 

+• 

series  of  integral  equations  \ ^ «=  Y (jrt, 

J X — ( 


whose  solutions,  limited  at  point  x — — 1,  are  determined  by  the 

Cauchy  interval  transformation  formula  [5]: 
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(15) 


Ti»  (-J^)  = 


I /'Tjr~  /~~t — ^ 2 <»— <"— I) 

-:-J_  1/  1±£  V I / •-*  -kJS. 

"•-  V i-i3 1/  TTT rii 


<n  = 1.2.  3.  ...). 


where  Ki,  are  the  expressions  found  by  the  expansion  of  (14). 


Vie  will  find  the  solution  for  vi*’ (jr)  as  follow: 


y?  (•f)“2Tfc(x)T»H^'. 


(16) 


We  will  represent  the  expansion  of  function  C,  (ir  — ii 
fellows  [4  ]: 


0.(5 


(17) 
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Then,  according  to  (11).  (U),  (16)  and  (17)  we  will  have 


^ - 0, 


J f (on  «!.  <i  - M + S Vi,  S)  /(,  fi  - i)]  Jj 

~l  * I 


(n=l.2.  3.  ...  ), 


where  Q„  are  the  expressions  deternined  by  the  expansion  of  (17). 
Having  expressions  ^<"(x)  and  W.  we  find  Yi  (»).  by 

(12)  , 


r 
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He  will  determine  the  litt  coefficient  of  the  profile  with  th. 


formula 


•r» 


we  .iU  eonsi<ier  the  practically  significant  case  .hen  the  sha  pi 
of  the  upper  and  lo.er  sides  of  the  prcfile  is  given  by  the  equations 


Then,  with  accuracy  up  to  t* 


» 2n  1 a(l  + T* -j- JLj*  j.  , , . V j 

j 1 *“* 

+ T 2 I , 


where  coefficients  are  expressed  by  coefficients 

Example,  We  will  find  the  effect  cf  a solid  screen  on  f,  of  a 
profile  similar  to  profile  BS  - 8o/o  [t]: 
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y»(x)  = —0,062608jt*  — 0,071136?,+  0,057216?  + 

, +0,025948?  — 0.087347? + o,052883x  + 0,092738, 

Ifm  "•  0,035200?  + 0,034624?  — 0,022400?  — 0,025948?  + 
+ 0,039800?  — 0,008676x  — 0,052600. 


Then 


+T*  + -|-^  + -r^  + -S'^  + 0’0*>23I  +0.010963t*_ 

— 0,025648t»  + 0,014759t«  — 0,05555t»  + 0,009490t»  — 

— 0,020784t'  + 0.01  .<900?|. 

Fiqure  2 shows  the  curves  of  the  change  in  c,  of  the  profile  at 
anqles  of  attack  of  a = 2,2°  (curve  1)  ; 3.5®  (curve  2);  U.  H®  (curve 
3).  Here  the  small  circles  show  the  values  of  Cg  of  the  profile  at 
the  same  angles  of  attack  in  the  case  of  an  unlimited  fluid.  By 
analyzing  these  curves,  we  can  conclude  that  the  lift  of  the  profile 
increases  considerably  when  it  nears  the  screen. 
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